One to nine Nobelpharma osseointegrated implants were placed in the posterior maxillae of 213 consecutive partially edentulous patients. Reconstruction was completed with a ceramic fixed partial denture with follow-up of 5 to 70 months (mean 30.3 months) after loading. Thirty-four implants in 29 patients failed; eight were replaced and one of these failed. Thus, the overall failure rate was 4.8% (35/732). The failure rate in type IV bone was only slightly higher than that in types II and III bone (5.5% versus 4.6%). The failure rate in the entire molar area was 5.3% compared with 4.5% in the premolar area (P = NS), and the failure rate of 7-mm implants was 9.5% compared with 3.8% for implants of all other lengths (P = .01). (INT J ORAL MAXILLOFAC IMPLANTS 1993;8:151-161.)
Osseointegrated titanium implants are now accepted in clinical dentistry for reconstruction of the completely or partially edentulous mandible or anterior maxillae. Their role in the posterior maxillae remains to be clarified. There are a number of disadvantages to the use of implants in this region: the bone is often of poor quality, the maxillary sinus frequently is low, and access is sometimes difficult. As a result, posterior maxillary implants have had a lower success rate than those placed in the mandible or anterior maxillae. [1] [2] [3] [4] Several considerations make use of the posterior maxillae essential for achieving optimal restorative results. For example, the first and second maxillary molars are among the first teeth to be lost,5 yet the posterior jaw quadrants provide the area of greatest occlusal need and force, determined in one study to be 82.0 N in the molar area versus 61.4 N in the premolar area.6 There fore, some type of replacement for lost posterior dentition is essential. The conventional treatment for replacing posterior teeth is either a distal-extension removable partial denture retained by anterior teeth and implants or anterior implants supporting a restoration with posterior cantilevers. However, both of these treatment options limit the patient functionally and subject the prosthesis and supporting teeth to risk of overload, fracture, and periodontal failure.7
While anterior maxillary implants usually are easier to place because of the better access and generally good bone quality, it is often difficult to place them so as to achieve optimal esthetic and functional results. When teeth are lost, the maxillary bone is resorbed posterosuperiorly, reducing the radius and circumference of the anterior arc (Figs la and lb). Bone concavities may become accentuated and irregular, and the anterior ridge often becomes knife-edged. These changes create unfavorable relations with the posterior mandible, in which bony resorption proceeds inferolaterally (Fig 2) . 8 If anterior implants are used in these circumstances, they may be placed with unfavorable emergence profiles and at exaggerated angles, necessitating the use of angled abutments and encouraging nonaxial loading when fixed restorations are used, often predisposing the implants to failure. Alternatively, anterior implants may be placed more lingually, which can adversely affect phonetics and reduce the support for orofacial structures. The sum of these factors often is a result that is unesthetic as well as functionally deficient.
In early clinical trials, less attention was paid to deficiencies of anterior maxillary implants because restoration of basic function, not esthetics, was the goal. However, with new knowledge and experience, it is now appropriate to strive for a restoration that supports maximum posterior occlusal forces while providing an esthetic result. In many patients, these goals can be achieved simultaneously with the aid of posterior maxillary implants. With the use of proper selection criteria, along with precise treatment planning and execution, posterior maxillary implants can have an excellent survival rate, as demonstrated in this patient series.
Patient Selection and Treatment Planning
Not all patients are good candidates for implants in the posterior maxillae. Some inappropriate candidates can be made suitable by preimplantation correction and reconstruction; others cannot be. The rule is that implants must not be used unless it is possible to place a suitable number with sufficient length at the appropriate location and with the proper angulation to support the desired final restoration. Hard and soft tissues of the posterior maxillae and their relations with nearby structures such as the remaining teeth must be considered in relation to future implant use.
Bone. The surgeon must consider the three-dimensional features of a potential site for both anatomic and functional adequacy. It is advisable to have at least 1 mm of bone circumferentially when the implant is placed in the optimal position and angulation. If it is desirable to place an implant where there is a lesser quantity of bone, the ridge should preferably be reconstructed surgically rather than making mechanical adjustments of the prosthesis.
Both the depth and shape of the remaining maxillary ridge must be considered. This information cannot be gained simply from physical examination. Conventional radiographs likewise are not sufficient for evaluating bone composition and three-dimensional configuration. Reformatted computed tomography scans are necessary to study the density and anatomy of bone.
Soft Tissues. Dimensions of the gingiva will affect the implant procedure from the time of initial flap elevation and transfer through healing and final reconstruction. These dimensions will determine the residual depth around the implant abutment and thus the access for hygiene and maintenance. In an area of tooth loss, the soft tissue may thicken. Tissue in excess of 3 mm will reduce the access for maintenance (Figs 3a to 3f) , encouraging the development of gingival inflammation that will affect implant prognosis. Therefore, in a non-esthetic area, such soft tissue should be thinned internally. When the gingiva is too thin for obtaining an optimal crown emergence profile, the soft tissue should be augmented with grafts or advanced transposition flaps9 or increased with controlled tissue expansion.10
Remaining Teeth. Each tooth that remains is considered in relation to the final restorative plan and the tooth's likelihood of responding to appropriate restorative and other dental measures. 11,12 For example, some teeth may have a poor long-term prognosis; their removal and the placement of more implants eliminates the uncertainty of prolonged treatment planning. Otherwise, failure of the treatment response will obligate the patient to one or more cycles of implant placement, tooth failure and extraction, and implant placement. The guidelines for tooth preservation in patients receiving periodontal prostheses are appropriate, albeit with greater strictness in view of the future presence of implants, which do not respond to loading and splinting in the same way as teeth.
Not all nonrestorable teeth must be extracted immediately. Some of these teeth may be valuable as interim supports for the provisional restoration, thus reducing transmucosal loading during implant integration (Figs 3a to 3f and 4a to 4e). Therefore, provided the teeth will not pose a risk of infection around an adjacent implant, it may be desirable to retain some of them initially,13 even though this practice will reduce the number of implant sites available. The surgeon must balance the arguments for early versus late extraction in each patient.
Other teeth may be in good condition or restorable, yet are poorly positioned. Teeth remaining on either side of a tooth-loss site often drift, and converging roots may leave insufficient space for implant placement with an adequate crown contour (  Fig 5) . If these problems of positioning are not corrected by odontoplasty and orthodontic measures, root resection (Figs 6a to 6c), or extraction, tooth roots may be damaged, and any implants in the area will be malpositioned and inappropriately angled, leading to unfavorable crown contours and distorted occlusion.
Occlusal Relations. Bone is anisotropic; its strength and elastic properties depend on the orientation of its microstructure in relation to the direction of loading. 14 Thus, an implant placed so that it is subjected to non-axial (ie, not directly compressive) loading has unavoidably been placed in weakened bone, no matter what the bone's structure, and is at greater risk of osseointegrative and mechanical failure.
The occlusal scheme should therefore be planned and executed precisely to avoid nonaxial loading. 15 The interactions of horizontal and vertical overlap in excursive jaw movement, the positions of the implants and the remaining teeth, the type of reconstruction planned, and the presence of parafunction all must be evaluated. Occlusal demands on each implant in relation to its permissible length, as determined by the anatomy of the site, should also be considered.
Treatment
The placement of implants involves three stages. In the first, pathoses are corrected and all adjunctive therapy is completed according to the checklist developed during reverse simulation of the treatment plan. Parafunction also is controlled. In the second phase, implants are placed at the selected sites and a provisional restoration is placed so that the implants are not subjected to transmucosal loading during healing (Figs 3a to 3f and 4a to 4e). In the third phase, the implants are loaded.
Site Preparation. Sequential enlargement of the implant site, as described in surgical manuals, is based on sound biologic and surgical principles. However, in a critical site with poor bone quality, or in areas of greater bone resorption, this standard sequence may result in overpreparation. It will then be impossible to stabilize the implant without micromovement. In areas of poor quality bone, site preparation must therefore be precise and minimal. The number of entries is reduced to create the tightest site possible for the implant. During drilling, the cantilever effect of the lip should be avoided to ensure that the site is created at the proper angle and is not unnecessarily enlarged. Soft tissues are dissected sharply and handled gently to avoid periosteal tears and trauma that can reduce the vascularity of the flap and bone.16 Implant Positioning and Angulation. While some advocate that a row of implants should be placed parallel in one plane, this practice does not always yield optimal results. Rather, each implant should be placed in an optimal position as dictated by the local anatomy and the restorative and occlusal scheme. Deviation between the initial site preparation and the final implant placement is more likely to occur in posterior maxillae because of poor bone quality and the possibility of deflection by the cantilever effect of the lip. If an implant deviates in a way that jeopardizes the final reconstruction and promotes nonaxial loading, it should be removed immediately. Another implant can be placed in the optimal position later. Repeated manipulation of the jaw into centric relation is helpful in determining whether one is achieving optimal placement and direction of implants (Figs 7a to 7c ).
It may be necessary to compensate for unfavorable resorptive patterns in the opposing jaw or at the maxillary site. One method involves moving (translating) the insertion site slightly buccally or lingually. Another is changing the angulation of the implant (tipping). Both translating and tipping may be appropriate in some situations. Surgical stents are helpful as a guide to placement, but the information they provide should be verified during site preparation, because bone is not always apical to the marker.
Bicortical Fixation and Cortical Plate Preservation.
If at all possible, the supracortical plate should be engaged to provide bicortical implant fixation and initial stabilization. During placement of the implant, the handpiece should stop by itself, confirming secure fixation. Any implant that remains mobile should be removed immediately.
Screw tapping in the posterior maxilla will overenlarge the site, and countersinking removes part of the cortical plate and undermines the rest of it, which reduces implant stability and may lead to complete resorption. Therefore, countersinking should be restricted to the minimum necessary to allow mechanical placement. 17 In areas of esthetic concern, a distance of no more than 2 to 3 mm below the cementoenamel junction of an adjacent healthy tooth is a helpful guide to the maximum extent of countersinking. Low-profile cover screws can help prevent transmucosal loading.
Healing Conditions. During the initial phase of osseointegration, transmucosal loading must be kept to a minimum or be prevented. In the maxilla, it appears that much of the bone remodeling subsequent to implant placement takes place during this time rather than after occlusal loading, which seems to occur in the mandible. Sequential radiographs show greater loss of bone in the maxilla than in the mandible during osseointegration, which Adell and associates18 attribute to the cancellous character and rich vascular supply of the maxillae.
Loading Phase. It is customary to allow 6 months for osseointegration of maxillary implants. However, proper timing of exposure and loading of maxillary implants requires further study involving metabolic assessment of healing and bone maturation after implant placement.15,19 After implant exposure and abutment connection, a new provisional restoration is fabricated, followed at the appropriate time by final reconstruction.
After loading, the implant is monitored by serial parallel radiographs until mineralization is completed, approximately 18 months later.16 Thereafter, radiographs are obtained yearly or any time they seem necessary to evaluate the bone and reconstruction. As described by other authors in recommendations for success criteria, the implant should be surrounded by compact or trabecular bone without radiolucency. The latter sign indicates formation of a fibrous capsule20-22 and is a harbinger of implant failure even if the implant is at first stable to manipulation. Adell et al18 have suggested that clinically, these implants are surrounded by soft tissue that can be removed from the bone cavity like a cyst capsule. In the author's experience, loss of bone from the ridge crest to the junction of the implant and transepithelial sleeve must not exceed 2 mm. The implant also must remain immobile to bimanual manipulation. Regular follow-up protocol includes surgical and prosthetic assessment, correction of the occlusion when indicated, measurement of pocket depth, supragingival and subgingival plaque control, and re-instruction in oral hygiene.
Results
Over the past 5⁄ years, 213 consecutive patients had one to nine Nobelpharma implants placed in the posterior maxillae, and the second phase of surgery has been completed ( Table 1) . In five sites, pairs of implants were placed either side by side or one behind the other to replace a single molar in a highly compromised area (Figs 8a  to 8c ). The total postloading time averaged 30.3 months per implant (range 5 to 70 months). All of these patients have been restored with metal ceramic fixed partial dentures, and follow-up continues in all but four patients. Two patients died, 22 and 26 months after loading, with their implants functioning, and two other patients stopped returning for follow-up appointments 56 and 29 months after loading. All implants were functional when these patients were last seen. In 91 patients, one to six implants also were placed in the anterior maxillae. Only one of these implants has failed, and they are not considered further in this article.
Thirty-four implants in 29 patients have failed, most of them on exposure or within 3 weeks to 4 months after loading, although two survived for 18 months before failing ( Table 2) . Eight of these implants have been replaced; five of the replacements were successful, one failed, and two have not been loaded. Thus, the total failure rate is 4.8% (35/732). One other patient required trephine removal of a 13-mm implant because of a machining problem with an internal thread. A replacement 13-mm implant is successful after 37 months. This mechanical failure is not included in the failure statistics.
Because 7-mm implants have had particularly high failure rates in earlier series,7 data on these implants were analyzed extensively and also considered regarding interactions of length, site, and bone quality for the series excepting the five successful replacements (Table 3, Figs 8a and 8b ). The success rates in type IV compared with types II and III bone were similar (4.6% versus 5.5%, respectively), and the failure rate in the molar area was only slightly higher than that in the premolar area (5.3% versus 4.5%).
To permit logistic regression analysis, it was assumed that implants were independent of each other and of features of the patients. The only variable that was statistically significant was implant length: 7-mm implants had a higher failure rate than those of all other lengths (9.5% versus 3.8%; P = .01). However, because the failure rate in the entire series was so low (4.7%), a model without any correlates fits the data reasonably well (P > .25).
There were too few data in many of the cells (eg, 7-mm implants in type IV bone in the molar area) to permit more detailed analysis. However, the magnitude of some of the differences in failure rates suggests an effect.
Discussion
Results of implant placement anywhere in the maxillae generally have been poorer than the results in the mandible. For example, Jaffin and Berman3 reported the loss of 8.3% of 444 implants placed in the maxillae, and in their 15-year experience, Adell and associates18 had a failure rate of almost 20% for maxillary implants. Results in the posterior maxillae have been even less impressive. In a series involving 38 patients at six centers, 1 of the 6 implants placed in the maxillary molar area was lost, compared with 2 of 45 placed in the corresponding area of the mandible.22 Da Silva and associates,4 in an update of an earlier report,7 found by lifetable analysis that the 6-year survival rate of posterior maxillary implants was 74% compared with 94% for posterior mandibular implants. Kopp2 has written that "replacement of bilateral posterior edentulous areas in the maxilla with osseointegrated implants is difficult if not impossible."
One explanation for the poorer results is quality of the bone, especially in the posterior maxillae. The cancellous bone in this area generally is said to be of type III or IV, although in practice, intermediate types (II-III, III-IV) are not unusual. The bone quality may be even poorer in older patients.14 The cortex is thin, and the trabecular bone is of low density.23 Such highly porous bone is less tolerant of the repetitive compression coincident with occlusal loading of She implants, because there can be fewer points of contact between the bone and the implant. Implants placed in type IV bone therefore have had a higher failure rate in published series. For example, in the experience with 1,054 implants placed by Jaffin and Berman,3 35% of the 102 placed in type IV bone in either jaw failed, compared with 3% of those placed in types I, II, and III bone.
Despite these discouraging statistics, implant placement in the posterior maxillae can be successful. The patient is freed of a distal-extension removable partial denture, and occlusal function in the posterior jaw is therefore restored. Also, posterior implants can be used to support an anterior restoration, reducing the need for the often problematic anterior implants. Given these advantages, it would appear that even small gains in the success rate of posterior maxillary implants can contribute significantly to the value of endosseous implants.
Summary
Several reasons can be identified for the high success rate in this patient series:
1. Thorough presurgical planning, including precise occlusal planning, and simulation in reverse of the steps needed to reach the chosen goal.
2. Correction of all pathoses before the implants are placed, including alignment of the teeth and leveling of the occlusal plane as appropriate.
3. Modification of the preparative sequence by minimizing the number of entries to create as tight a site as possible.
4. Placement of the implant exactly according to the treatment plan; moreover, the implant should be left in place only if it is seated securely in the bone.
5. Gentle handling of the soft tissues to minimize trauma that may jeopardize flap vascularity.
6. Use of more rather than fewer implants; of the 203 molar sections receiving implants in this series, 87 (42.9%) received at least two. Moreover, 60% of the failing 7-mm molar implants were the only implants in that segment of the jaw.
7. Preferential use of complete reconstructions rather than fixed partial prostheses; posterior cantilevering was avoided whenever possible, as it increases the nonaxial forces exerted on the implant.
8. Avoidance or minimization of transmucosal loading during healing.
In the earlier years of osseointegrated implant use, surgeons generally avoided placement in the posterior maxillae. However, there are several advantages of such placement, and with appropriate planning, reconstruction, and monitoring, a high success rate can be achieved, providing the patient with a better functional and esthetic result from the implants.
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Figs reduction of radius and arch circumference (right) after tooth loss. Without reconstruction, such reduction will necessitate unfavorable lingual placement of implants. Fig. 2 Changes in the relations of the maxillae as a result of horizontal and vertical resorption create unfavorable inter-ridge relations that will lead to an unfavorable implant-to-crown ratio and reverse occlusion if the severely resorbed ridge is not reconstructed. 6a Composite radiograph of pretreatment and post-placement maxillae. Initially, there was insufficient mesiodistal spacing for the desired two implants between the second molar which shows severe bone loss on the mesial root, and the first premolar, which has severe loss circumferentially. The mesiobuccal root was removed during osseous surgery. Figs 6a to 6c Creation of optimal spacing for implants by root resection. 
Fig. 7a
Pretreatment composite radiograph shows moderate bone loss at the maxillary right second molar and severe bone loss on the second premolar associated with root fracture. The latter tooth has a poor prognosis but is retained to assist the provisional restoration. The maxillary left first molar has been extracted because of carious involvement in the furca.
Figs 7a to 7c
Manipulation of the jaw into centric relation to monitor implant insertion and use of doubled implants to reduce loading. 
Figs California).
Figs 8a to 8c Placement of another implant behind a 7-mm implant to reduce loading.
